The problem of the physical nature of the Hubble flow in the Local Volume (D < 10 Mpc) stated by Sandage(1986 Sandage( , 1999 is studied. New observational data on galaxy motions and matter distribution around the Local Group and nearby similar systems are described. Dynamical models are discussed on the basis of the recent data on cosmic vacuum or dark energy.
Introduction
In a recent paper, Sandage (1999) has emphasized evidence that the rate of the cosmological expansion in the Local Volume (D < 10 Mpc) is 'similar, if not precisely identical', to the global rate (see also Sandage 1986 , Teerikorpi 1997 , Ekholm et al. 1999 , Giovanelli et al. 1999 ). This is a severe challenge to the current cosmological theories, especially in view the fact that the linear expansion flow starts from the distances of a few Mpc from the Local Group (Sandage et al. 1972 , Karachentsev et al. 2001 , Ekholm et al. 2001 . Indeed, why is the galaxy velocity field fairly regular in the area where the galaxy spatial distribution is very irregular? And how can it be compatible with the bulk motion of the volume with a high velocity of about 600 kms −1 ?
In this paper, we first describe new observational data on the kinematics and distribution of galaxies in the Local Volume and then suggest a theoretical framework which appears to offer a possible solution to the above mentioned problems. This approach is suggested by the recent discovery of the cosmic vacuum, or dark energy, and on the data on its energy density (Riess et al. 1998 , Perlmutter et al. 1999 ).
We note that the Local Volume is in many ways optimal for study of questions concerning the various components of the universe and their dynamics. Here we have relatively accurate distances and a good knowledge of the distribution of galaxies which turns out to be typical for the galaxy universe in general. In this volume the Hubble law starts and one may see both its linear form and to measure its dispersion. One may also detect minor deviations due to the differential velocity field caused by the Virgo cluster.
The Local Volume is also deep inside the (unknown) volume which has the zero velocity relative to the cosmic background radiation. With its very clumpy galaxy distribution it is also deep inside the volume in which the distribution may be regarded as uniform.
Global expansion rate and cosmic vacuum
The global rate of the expansion is the rate on the spatial scales of a hundred Mpc and larger where the spatial matter distribution is considered smooth and uniform, on average (see, for instance, Wu, Lahav & Rees 1999) . This is the realm of the standard isotropic cosmology which views the linear expansion flow as a direct consequence of the uniformity of matter distribution.
The precise value of the global expansion rate, or the Hubble constant, is still under discussion. However a value H 0 = 70 ± 6 km s−1/Mpc appears to cover most of the recent determinations on large (> 200 Mpc) and "intermediate" Mpc) scales (Theureau et al. 1997; Sandage 1999; Giovanelli et al. 1999; Freedman et al. 2001 ).
As to the theory, according to the Friedmann model H =ȧ/a, where a(t) is the scale factor of the model. For cold (non-relativistic) matter with the density ρ M and cosmological constant, or vacuum with the density ρ V , the scale factor is given by the
For the spatially flat model (k = 0), the solution has a form:
where a 0 = a(t 0 ) is the present-day value of a(t), q = ρ V /ρ M , and α = (
On the other hand, the Hubble constant is expressed from Eq.(1) directly in terms of α and q:
For the present-day universe, the 'concordant' observational figures for the densities are:
, where ρ c is the critical density. As a result, one has a rather narrow interval for the present-day global rate in the flat (Ω M + Ω V = 1) model:
Actually, an approximate 'concordant' estimate is possible for all the three figures involved in the equations above (see for a review Chernin 2001):
More precise numbers follow from the concordant observational evidence:
In real observations, the global expansion rate appears as a mean value of many individual measurements. There are naturally some definite deviations from the mean value; but they are not too significant on the global scales. Indeed, galaxies, their groups, clusters and superclusters are able to produce peculiar velocities within the expansion flow in their vicinity; the absolute value of these velocities are practically within the interval 100-1000 km/s. Because of this, any real deviations are all below the 10% level for the distances of 200 Mpc and larger.
Thus we see that the concordant model enables one to put the observational data on the global expansion rate (see above) in general agreement with the cosmic age and the vacuum density. The model indicates that in the present state of the universe, the global rate is determined in terms of α by the vacuum alone with a practically perfect accuracy. This new conclusion follows directly from the discovery of the cosmic vacuum with its energy density which is larger than the total energy density of all the other forms of cosmic matter.
Matter distribution in the Local Volume
Galaxies are distributed on the sky very inhomogeneously. This basic property of galaxies had been known long before their extragalactic nature was established. Clustering of galaxies towards each other is seen in a wide range of scales: from a typical galaxy diameter, ∼10 kpc, up to a scale of ∼30 Mpc exceeding a supercluster dimension. New optical and infrared sky surveys led to the conclusion that galaxy distribution is not homogeneous even on a scale of ∼500 Mpc (Busswell et al. 2003) , which reaches about 1/10 of the horizon of the universe. Over the last decades, old nomenclature has described small and large galaxy systems: pairs, groups, clusters and superclusters, was updated with an idea of the large scale structure consisting of cosmic "filaments" and "walls" framing giant empty volumes. All mentioned properties of the large scale structure are seen in Fig. 1 , which presents the sky distribution of 5272 nearest galaxies in the equatorial coordinates. They are selected from the last version of the Lyon Extragalactic Database (=LEDA) (Paturel et al. 1996) by the condition that their corrected radial velocities is V LG < 2300 km/s.
The galaxies are shown as filled circles with sizes inversly proportional to their distances (radial velocities). The gray belt corresponds to the Zone of Avoidance in the Milky Way (galactic latitude of ±10 • ), where the lack of galaxies is caused by strong Galactic extinction. As seen in the figure, the nearby galaxies are concentrated towards the Local Supercluster plane, and the Virgo cluster is the most dense part of it. The Virgo cluster is located near the center of Fig. 1 (marked with the character "V") and has a distance of 17 Mpc from us. The distribution of these galaxies in the supergalactic coordinates is presented in Fig. 2 . About half of the galaxies within the radius of 32 Mpc is situated in the Local Supercluster disk.
In the southern supergalactic hemisphere (SGL ∼ 250 • , SGB ∼ −40 • ) another less rich cluster of galaxies, Fornax, alined along the supergalactic longitude is seen. The Comparing the true 3D map of the Local Volume in Fig.4 with its approximate analogy in the redshift space (Fig.3 ), we recognize a higher density contrast of groups in Fig.4 and also the absence of the "virial tail" directed towards the Virgo cluster.
Note that the total number of 5272 galaxies, being averaged over the D = 32 Mpc volume, yield the expected number of galaxies within D = 6 Mpc to be 35. This number is 7 times as low as their observed number in the Local Volume. However, the excess is caused completly by the faintest galaxies unseen in more distant regions of the Local Supercluster.
4 Galaxy kinematics in the Local Volume.
Extensive measurements of distances to galaxies independent of their radial velocities provide us with a possibility to study the peculiar velocity field on different scales. yet. In any case, it does not agree with the idea of spherically-symmetric Virgo-centric flow, which has been discussed by many authors.
The most enigmatic property of the local Hubble flow turns out to be its "coldness".
According to Sandage et al. (1972) , the typical random velocity of galaxies is 70 km/s.
Just the same value has been derived by Karachentsev & Makarov (1996) 
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Where are we moving towards?
Together with our Sun and our Galaxy we take part in different cosmic motions whose value and direction have been discussed by many authors. The initial data on these motions were controversal because of the low quality of determination of galaxy distances.
However, at the present time, one can recognize a rather concordant picture of cosmic motions described below.
Taking part in the rotation of the Galaxy, our Sun moves at a velocity of (220±20) A survey of galaxy motions on different scales is presented in Table 1 and LG vs. CMB 634 269 28 -8 −559 298
±12 ±3 ±1
LG vs. 6 Dynamic background in the Local Volume
Turning to the theory, we argue now that the local expansion rate could be due to the dynamical effect of the vacuum.
¿From the data on the matter distribution in the Local Volume (Sec.3), one can see that the bulk of mass (this is mostly dark matter) is concentrated in several groups like the Local Group, if one consider the distances 1 ≤ R ≤ 7. Matter dominates dynamically near the Local Group, while outside this region vacuum must dominate. A rough, but obvious and robust estimate shows this.
Indeed, the mass of the Local Group M LG is less than the effective gravitating mass of the vacuum in a surronding volume of the size (radius) R, if R is large enough:
(here we take into account that the effective gravitating density of the vacuum is −2ρ V ) and the vacuum dominates at distances 
and the dynamical effect of vacuum dominates at distances of a few Mpc and larger.
A detailed computer model that takes into account the motion of the two major A more accurate estimate may take into account the contribution to the matter mass M M by the galaxies (and intergalactic matter) distributed around the Local Group.
According to the data of Sec.3, the mass distribution is fractal, and M M ∝ R D , where 0 < D ≤ 3. In this case,
At a distance R = 3 Mpc (as above), the ratio is now M V /M M ≃ 1. Volume is actually even stronger than on the global scales.
Expansion rate in the Local Volume
The considerations above suggest that the present-day dynamics in the Local Volume outside the zero-gravity sphere can be considered as controlled by the vacuum alone, -with the same (at least) accuracy as on the global scales. This enables one to study trajectories in the Local Volume neglecting the dynamical effect of matter, in the first (and main) approximation. In addition, the one may consider spherically symmetrical trajectories as a good approximation to the real motion of small galaxies in this volume.
In this approximation, the radial component of the equation of motion in the reference 14 frame of the Local Group barycenter has a simple form:
The solution to the equation may be written as
where
for parabolical, hyperbolical and elliptical trajectories, correspondingly.
The solution describes the radial trajectory of a body (a dwarf galaxy) with the Euler radial coordinate R and Lagrangian coordinate χ. The solution is exact and nonlinear.
The solution is also general in the sense that it contains two arbitrary functions of the Lagrangian coordinate, R 0 (χ) and T (χ), and so it can fit all (reasonable) initial conditions for positions and velocities at the start of the motion.
The solution describes regular 'unperturbed' Friedmann-Hubble trajectories, if R 0 (χ) = χ, T (χ) = 0. In its general form, the solution describes a 'perturbed' trajectory with arbitrary R 0 (χ) and T (χ). The solution is valid (practically) since the time of the formation of the Local Group, i.e. since the moment t 1 ≃ 1 − 3 Gyr when the most of the material in the voulume was assembled into the two major galaxies of the Local Group.
The solution gives the rate of expansionṘ/R measured for a given trajectory at a moment t as a function of both t and χ. For a regular (unperturbed) trajectory the rate is simply H 0 = α, as it is in the global solution (Sec.2). For a perturbed trajectory one may use, for instance, a hyperbolical solution:
The dependence on χ is due to perturbations described by the arbitrary function T (χ); the other arbitrary function R 0 (χ) does not enter this relation. The expansion rate does not depend on χ and coincides with the regular one, H 0 = α, in the limit of large times;
in this limit, the perturbations vanish.
On the contrary, at the moment of the Local Group formation, t = t 1 , and soon after that, most of the trajectories might be highly disturbed, so that for a typical trajectory Table 1 in galactic coordinates (crosses). Positions of the Virgo attractor, the Great Attractor, the Shapley concentration, as well as
